Abstract
Introduction
This Radiant Panels used in heating or cooling systems presuppose the control of the temperature on their surface, temperature which is determined by the parameters of the used thermal agent. Panel heating and cooling system offer conditions of acceptable inner thermal comfort by the control of the temperature on their surface [1] .
The low-temperature radiation system also called "heated concrete" represents a simple solution for the use of building elements as heating radiators, the heat transfer from the heating radiators to rooms being done mostly by radiation. The thermal agent pipes, transporting heated water, are inserted into the mass of the concrete at the level of floors, namely the floors of the rooms, the temperature of the thermal agent being under 30°C [2] . The solution of heat accumulation in the mass of the building element, of the concrete, and its transfer towards rooms, represents a solution for increasing the thermal comfort within buildings and a technique for an efficient use of heat sources which make use of renewable energies [3] , [4] . Similarly, we can use the system called "heated concrete" in order to absorb the heat from rooms. In this situation, the thermal agent that circulates in the pipes inserted into the mass of the concrete is below 20°C being influenced by the temperature of the dew drop inside rooms in order to avoid the formation of condensation on the surface.
The issue of heat transfer between the air and the heated concrete can be appreciated with acceptable, results by using the equation [1] :
Where t a is the indoor air temperature and t p is the mean temperature of the panel surface.
The heat taken from the inner air is at its turn absorbed by the thermal agent which circulates in the panel in this way succeeding in the cooling of the inner space [5] .
In the IRDT of the Transilvania University of Braşov there have been implemented in a research laboratory a soil-water heat pump and a consuming radiation heating system called heated concrete -the thermal agent for the heated concrete is produced by the soil-water heat pump .The structure of the envelope was designed in such a way as to respond to the Directive which requires cuts on the energetic consumption of buildings. The accumulation of heat in ceiling / floors will ensure an efficient overtaking without any thermal variations of highest values during the heating period. For the summer period, the system heated concrete takes the heat from the inner space in this way ensuring the lowering of the inner temperature. The thermal agent which circulates in ceiling /floors takes over the heat absorbed from the environment and transfers it to the soil, ensuring in this way a passive cooling. The variation of the external temperature has a direct effect on the efficiency of the thermal pump since the functioning efficiency of the thermal pump is influenced by the thermal load of the building that at its turn depends on the exterior temperature [7, 8] .
In the follow-up, we shall present a simplified calculation method of the temperature on the surface of the radiating plate called tempered concrete and we intend to obtain the calculation of the heat quantity absorbed from the inner space by the system heated concrete in an open space from a laboratory of ICDT Brasov where about 80 -100 persons work.
Materials and methods
In this paper we intend to present: 1. The method of virtual tube, which allows of the calculation of the temperature in a point P of the building element (heated floor/ ceiling ) around a ρ-radius tube, placed at a d distance from a S surface, maintained at a constant 0°C temperature [1] . The calculation scheme by the method of the virtual tube is presented in Fig. 1 : The temperature in the P point is calculated by the relation [1] :
where: The method of the virtual tube has been adopted in order to model the thermal radiation of the radiant floor by considering that the distance d, from Fig. 1 , is equivalent to the sum of thermal resistances of the component strata situated above the heating tube to which is added the superficial resistance, Fig. 2 . In this case, the constantly heated surface S is represented by the surrounding environment. The temperature in the P point situated on the surface of the floor becomes [1] : The proposed numerical modeling permits the determination of the temperature of the plate's surface in any point of its points and in any point from inside. The thermal radiation of the plate is proportional to the temperature of the surface and to the temperature of the internal air. The temperature on the surface of the plate is not uniform, since it varies linearly with the distance to the vertical of the tube's section, as it results from the equations (2) and (3).
The average temperature of the plate's surface is calculated with the relation [6] :
By integrating the above equation, we obtain [6] :
s distance between tubes, in [m].
2. The heat flux emitted by the radiating plate, which can be determined by obtaining satisfying results with the relation [1] both in the case of heating/ cooling floor and of the cooling ceiling :
Transient Conduction using the Lumped Capacitance Method; The lumped capacitance method is valid if Biotnumber, 
Constant temperature of the fluid
If the temperature may be considered uniform within the plate at any time the heat transfer rate at the plate surface is given by: The temperature variation of the plate with time is:
The total heat transferred to the plate is :
Q total initial temperature of the plate(K).
If the temperature of inner air varies:
Results and discussion
The experimental determinations have taken place in the Laboratory of Radiation Heating Systems of the Faculty of Building Engineering. The measurement of the temperature on the surface of the plate in the laboratory has been done with sensors placed on the surface of the plate according to the detail in Fig. 3 . The concrete plate where polyethylene pipes have been inserted is presented in Fig. 4 
The SCILAB program has been used for the determination of temperature on the surface of plate, as well as its average temperature by the method of the virtual tube for two hypotheses, as follows:
The variant when the radiating panel -heated concrete -gives away heat to the inner temperature
We have analyzed the situation of the plate in the laboratory according to Fig. 3 and by the help of the SCILAB program we have studied the method of the virtual tube, Fig. 2 , the temperatures obtained on the plate for the central area where two tubes are positioned every 20 cm, by which thermal agent would circulate at the parameters:
• 23, 20647/inlet°C, 22,92489/outlet°C (Table 1) ,
• the temperature of the inner air is of 20°C, coefficient α t = 8 are presented below: (Fig 5 and Table 5 ).
The variant in which the radiating panel -heated concrete -absorbs heat from the inner space
We have analyzed the situation of the plate in the laboratory according to Fig. 3 and by the help of the SCILAB program we Table 1) .
The temperature of the inner air is of 26 C, the coefficient α t = 6, 5 [5] , are presented below: (Fig 6 and Table 6 ) By analyzing the results obtained above in laboratory conditions we intend to highlight that the solution of the passive cooling of the rooms with the system 'heated concrete' represents a solution with good results in buildings which have a reduced thermal cooling load due to the judicious choice of the building materials which make up the envelope -opaque elements and glass surfaces and we question the issue of heat release from humans who are there during the day and which can be greatly absorbed by this passive cooling system. We shall determine furthermore the quantity of heat absorbed by the tempered concrete in a room where the inner temperature is 26°C due to the heat Period. Polytech. Civil Eng. release from humans. The building represents a laboratory from ICDT Brasov where the heated concrete system has been implemented coupled with a passive cooling system (with the soil). The building has the following height regime: semi-basement, ground floor, and floor. The tempered concrete is made according to the schema - Fig. 4 , in the three resistance plates of the building - Fig. 7 , Fig. 8 : over semi-basement, over ground floor, over the floor. Schema of the installation which does the passive cooling is represented in Fig. 9 . The surface of the open space is of 218.20 m². Daily, in this space there work about 80 researchers. Taking into consideration a heat release of 100 W / person, one can appreciate the heat quantity released by them, as being 8000 W. During the night, in the open space the temperature is of 20°C and during the day due to the human contribution, the temperature increases to 25°C. Under these conditions we have considered necessary to find a cooling solution of the open space, so that the activity in this space should not be disturbed. The solution applied is the passive cooling by the system "heated concrete". The system "heated concrete" is coupled to an installation of passive soilwater cooling, Fig. 9 , made up of a water-water heat exchanger and 4100 m deep drillings. The estimated quantity of heat will be taken over by the system "heated concrete" [1] . The total heat transferred to the plate by taking into consideration the initial average temperature on the surface of the plate obtained in the heating regime with the purpose of ensuring the comfort temperature and the final and average temperature in a cooling regime when there are human heat releases in the room: 
Tab. 3. Values measured in the laboratory
for the temperature on the surface of the plate and of the temperature of the thermal agent / heating agent Thermal agent Heated water Heated water Noq c = 0Q total = ρVc p (T initial − T m ) J Q total = ρVc p (T initial − T m ) =
Conclusions
• By comparing the theoretical results obtained from the method of the virtual tube, hypothesis 2, with the values obtained by measurements, Table 1 , we can conclude that the values are close, the method of the virtual tube can be considered appropriate for a theoretical establishment of temperatures on the radiant plate.
• The temperatures obtained on the surface of the plate under the conditions that we intend for the radiant plate to absorb the heat from the inner space are superior to the value of the dew drop, 17.64°C, corresponding to the inner temperature of 26°C and to the relative humidity of 60%. Thus the temperature of the cooling agent is of 17.4 / inletand 20.2 / outlet
• The establishment of the temperature of the thermal agent for any type of structure and going over that temperature value leads to values of the temperature in the intersection point between the surface of the floor and the vertical of the section of the tube's section superior to the admitted maximal value.
• The temperatures recorded on the radiant surface, the values recorded and the determinations presented above indicate that the radiant process under analysis is precise and possible;
• Given the concrete mass and if we take into consideration the heat accumulation in the mass of the element, it is possible for the temperatures on the surface to level off, by concentrating all temperature values measured at very close values, therefore, a permanently precise process.
• The quantity of absorbed heat by the system of tempered concrete for the case under analysis (open space -laboratory ICDT , S = 218.20 mp, tempered concrete in the floor and tempered concrete in the ceiling, the situation of the floor) represents the heat quantity given away by humans. We conclude that the solution of passive cooling in the case of buildings with human heat releases represents an effective solution without further negative effects on the inhabitants. 
